swaths of differently textured sea-floor fabric to the east and west of the lineament (Fig. 3) . The geometry of the two features suggests that they form a pair of an extinct ridge (on the African side) and a pseudofault (on the South American side), created by a northward ridge propagation episode between~100 and 83 Ma. An absolute hot spot-based plate reconstruction using the rotation parameters from O'Neill et al. (10) indicates that the Cardno hot spot (Fig. 3 ) may have been situated not far north of the northern tip of the ridge propagator, where it abuts the Bodo Verde Fracture Zone; this is where the propagator came to a halt. These observations conform with the inference that ridges have a tendency to propagate toward hot spots/plumes and that propagation events and resulting spreading asymmetries are frequently contained within individual spreading corridors bounded by FZs (11) . The existence of major previously unknown ridge propagation events will also be relevant for interpreting marine magnetic anomaly sequences during the Cretaceous Normal Superchron on conjugate ridge flanks (12) .
One of the most important uses of this new marine gravity field will be to improve the estimates of sea-floor depth in the 80% of the oceans having no depth soundings. The most accurate method of mapping sea-floor depth uses a multibeam echosounder mounted on a large research vessel. However, even after 40 years of mapping by hundreds of ships, one finds that more than 50% of the ocean floor is more than 10 km away from a depth measurement. Between the soundings, the sea-floor depth is estimated from marine gravity measurements from satellite altimetry (13) . This method works best on sea floor where sediments are thin, resulting in a high correlation between sea-floor topography and gravity anomalies in the 12-km-to-160-km wavelength band. The shorter wavelengths are attenuated because of Newton's inverse square law, whereas the longer wavelengths are partially cancelled by the gravity anomalies caused by the isostatic topography on the Moho (13) . The abyssal hill fabric created during the sea-floor spreading process has characteristic wavelengths of 2 to 12 km, so it is now becoming visible in the vertical gravity gradient (VGG) models, especially on the flanks of the slower-spreading ridges (14) . Additionally, seamounts between 1 and 2 km tall, which were not apparent in the older gravity models, are becoming visible in the new data. As CryoSat-2 continues to map the ocean surface topography, the noise in the global marine gravity field will decrease. Additional analysis of the existing data, combined with this steady decrease in noise, will enable dramatic improvements in our understanding of deep ocean tectonic processes.
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NANOPHOTONICS
Chiral nanophotonic waveguide interface based on spin-orbit interaction of light
Jan Petersen, Jürgen Volz,* Arno Rauschenbeutel* Controlling the flow of light with nanophotonic waveguides has the potential of transforming integrated information processing. Because of the strong transverse confinement of the guided photons, their internal spin and their orbital angular momentum get coupled. Using this spin-orbit interaction of light, we break the mirror symmetry of the scattering of light with a gold nanoparticle on the surface of a nanophotonic waveguide and realize a chiral waveguide coupler in which the handedness of the incident light determines the propagation direction in the waveguide. We control the directionality of the scattering process and can direct up to 94% of the incoupled light into a given direction. Our approach allows for the control and manipulation of light in optical waveguides and new designs of optical sensors.
T he development of integrated electronic circuits laid the foundations for the information age, which fundamentally changed modern society. During the past decades, a transition from electronic to photonic information transfer took place, and nowadays, nanophotonic circuits and waveguides promise to partially replace their electronic counterparts and to enable radically new functionalities (1-3). The strong confinement of light provided by such waveguides leads to large intensity gradients on the wavelength scale. In this strongly nonparaxial regime, spin and orbital angular momentum of light are no longer independent physical quantities but are coupled (4, 5) . In particular, the spin depends on the position in the transverse plane and on the propagation direction of light in the waveguide-an effect referred to as spin-orbit interaction of light (SOI). This effect holds great promises for the investigation of a large range of physical phenomena such as the spin-Hall effect (6, 7) and extraordinary momentum states (8) and has been observed for freely propagating light fields (9, 10) in the case of total internal reflection (11, 12) , in plasmonic systems (13) (14) (15) , and for radio frequency waves in metamaterials (16) . Recently, it has been demonstrated in a cavityquantum electrodynamics setup in which SOI fundamentally modifies the coupling between a single atom and the resonator field (17).
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For vacuum-clad dielectric waveguides, evanescent fields arise in the vicinity of the surface and allow one to locally interface the guided fields with micro-and nanoscopic emitters (18) . Because of SOI, these evanescent fields exhibit a locally varying ellipticity that stems from a longitudinal polarization component that points in the direction of propagation of the light and that oscillates in quadrature with respect to the transversal components (19) . Surprisingly and in contrast to paraxial light fields, the corresponding photon spin is in general not parallel or antiparallel to the propagation direction of the guided light. In special cases, it can even be perpendicular to the propagation direction and antiparallel to the orbital angular momentum (8, 20) .
We have experimentally demonstrated that SOI in a dielectric nanophotonic waveguide drastically changes the scattering characteristics of a nanoscale particle located in the waveguide's evanescent field. In free space, pointlike scatterers exhibit a dipolar emission pattern (21) in which for the emission of both linearly and circularly polarized light, the intensity distribution of the scattered light is cylindrically symmetric. In particular, this implies that dipolar scattering into any spatial direction perpendicular to the symmetry axis is always accompanied by an equal amount of scattered light into the opposite direction. We demonstrate that SOI breaks this symmetry and show that when light is scattered by the particle into the waveguide modes, the amount of light that is coupled into a given direction of the waveguide can substantially exceed the power that propagates in the opposite direction.
We used an air-clad silica nanofiber as an optical waveguide and positioned a single spherical gold nanoparticle on its surface. We illuminated the particle with a focused paraxial laser beam from the side ( Fig. 1A ) and characterized the scattering properties of the particle into the optical waveguide. The emission rate of the particle into a given nanofiber eigenmode is proportional to jd* ⋅ D| 2 , with the induced electric dipole moment d of the particle and the profile function D of the electric part of the fiber mode (22) . For spherical scatterers, the dipole moment is d = a · ε exc , where a is the complex polarizability and ε exc is the positive-frequency envelope of the excitation field, which is related to the real value of the electric field by E exc = 1/2[ε exc exp(-iwt) + c.c.]. Here, w/2p is the frequency of the light, and c.c. is the complex conjugate. The total power of the light scattered into a given fiber mode is given by
where (r, f) denotes the position of the scatterer in the nanofiber transverse plane. As a consequence, the emission rate is directly proportional to the overlap between the field of the excitation light and the fiber mode at the particle's position. For a single-mode nanofiber, all guided light fields can be decomposed into the quasi-linearly polarized fiber eigenmodes (19) HE T 11;x and HE T 11;y , where the z axis coincides with the nanofiber axis and the T sign indicates the propagation direction (Tz) of the light in the fiber. We choose HE T 11;x and HE T 11;y so that their main polarization component points along the x (f = 0°) and y (f = 90°) directions, respectively. The normalized total power of the light scattered into the HE T 11;x and HE T 11;y modes is shown in Fig. 2 , according to Eq. 1, as a function of the position of the scatterer in the fiber transverse plane. The calculations were performed for circularly s T ¼ ðie z Te y Þ= ffiffi ffi 2 p and linearly p = e x polarized excitation light. Here, the x axis is the quantization axis, and e x,y,z are the unit vectors along the corresponding axes. The predicted asymmetry of the scattering originates from the fact that the local polarization depends both on the position in the fiber transverse plane and on the propagation direction of the mode-a consequence of SOI of the nanofiber-guided light. For a particle located at the top (f = 90°) of the nanofiber, the polarization overlap between the HE þ 11;y mode and sis maximal and reaches 93%, and the overlap between the HE − 11;y mode and sis minimal and reaches 7%. This means that the field is nearly perfectly circularly polarized. Because the emission probability of the particle into the fiber is directly proportional to this overlap, a strong asymmetry of the scattering into the left (+z) and right (-z) direction of the fiber results, which can be tuned by the polarization of the incident light field and the position of the nanoparticle. In particular, the asymmetry reverses when switching the polarization of the excitation light from sto s + or when changing the position of the particle from (x, y) to (x, -y).
We investigated this directional scattering using a tapered optical fiber (TOF) with a nanofiber waist (23) [diameter, 2a = (315 T 3) nm], which enables almost lossless coupling of light from a standard optical fiber into and out of the nanofiber section. A single spherical gold nanoparticle [diameter, 2r = (90 T 3) nm] positioned on the nanofiber surface (22) acts as a polarizationmaintaining scatterer (24, 25) . The particle is illuminated with a laser beam propagating in the -x direction (Fig. 1A) with a wavelength of 532 nm, which is close to the measured resonance of the nanoparticle at 530 nm (full width at half maximum, 50 nm). The nanofiber can be rotated around the z axis, which because of its cylindrical symmetry amounts to changing the azimuthal position f of the nanoparticle around the fiber (Fig. 1A) . The polarization of the incident light field is set by means of a quarter-wave plate. The angle q between its optical axis and the y axis can be adjusted at will. Before passing through the waveplate, the polarization of the light is aligned along z. Thus, we can set the polarization to linear along z (q = 0°, 90°) and circular, s -(q = 45°) or s + (q = 135°). For intermediate angles, the polarization is elliptical, with the major axis along z. The excitation laser beam has a waist radius of around w = 150 mm at the position of the nanoparticle, assuring a homogeneous spatial intensity distribution with negligible longitudinal polarization components. A single-photon counting module (SPCM) at each output port of the TOF detects the light scattered into the nanofiber. After completion of all measurements, we analyzed the fiber surface with a scanning electron microscope (Fig. 1,  C and D) to check that only a single nanoparticle was present and to measure the diameters of fiber and nanoparticle.
The measured photon fluxes at both fiber outputs are shown in Fig. 3, A and B , as a function of the azimuthal position of the nanoparticle and the polarization of the excitation light field, and the theoretical predictions are shown in Fig. 3 , C and D, calculated according to Eq. 1 under the assumption that the polarization and intensity distribution of the incident light field are not modified by the presence of the optical fiber (22) . We find qualitative agreement between measurement and theoretical prediction. In particular, we observed the expected maximum of the left-right asymmetry for the case of circular input polarization with the particle located at the top or the bottom of the fiber. However, scattering and refraction of the excitation light field by the nanofiber led to an appreciable modification of the polarization and intensity of the field close to the nanofiber surface ( Fig. 1B) (26) . Including these effects, we obtained the theoretical predictions shown in Fig. 3 , E and F, where we used two fit parameters: the angular offset f 0 = 6.3°T 0.1°of the nanoparticle from the expected deposition position of f = 90°and the amplitude k f = (21.0 T 0.1) × 10 6 s -1 of the photon flux detected with the SPCMs (22) . This model agrees well with the measured data. The main differences to the simple model are an increase of the scattering rate around f = 180°owing to the focusing of the incident light field by the fiber and the emergence of a shadow region around f = 120°and f = 240°, with a concomitant decrease in the scattering rate.
For closer comparison, Fig. 4 , A to D, shows the polarization dependence of the measured photon flux in the fiber for selected azimuthal positions of the nanoparticle together with the theoretical prediction. For the cases of the nanoparticle positioned near the top and the bottom of the nanofiber, we also plot the directionality
of the scattering process together with the theoretical prediction (Fig. 4, E and F) , where c + is the photon flux detected by the left detector and cis the photon flux detected by the right detector. We observed a maximum directionality of D = 0.88 for a particle near the top of the fiber, which corresponds to a ratio of 16:1 between the photon flux scattered to the left and right, and D = 0.95 for a particle near the bottom of the fiber, which corresponds to a ratio of 40:1 between the photon flux scattered to the right and left. When the particle is located near the side of the fiber, the overlap of the fiber eigenmodes with any polarization of the excitation light is independent of the propagation direction, and zero directionality is expected. In the experiment, we indeed observed only a small variation with the incident polarization (Fig. 4, A and B) . The residual modulation most probably is due to the small angular deviation of the nanoparticle position from the ideal point.
The underlying physical mechanism that enables the directional scattering is spin-orbit interaction of light, which universally occurs in light fields that are strongly confined in the transversal direction. Our method is thus highly versatile, and we expect it to find application in various scenarios of nanophotonic systems. There is no fundamental limit to the directionality: By setting the polarization of the excitation field orthogonal to the polarization of the fiber eigenmodes that copropagate into the left/right direction, unity directionality can always be realized (22) . Moreover, at the inside of the waveguide, the quasi-linearly polarized guided modes of our silica nanofiber exhibit a perfectly circular polarization at two specific positions in the fiber transverse plane. Thus, a particle at such a position that is excited with circularly polarized light will couple light exclusively into one direction of the waveguide. Apart from their usefulness for optical signal processing and routing of light, our findings have important consequences for the interaction between atoms and light in evanescent fields (27, 28) or strongly focused laser beams. Moreover, they may enable novel nanophotonic sensors that allow one to detect and identify, for example, scatterers with an intrinsic polarization asymmetry (22, 29) . In the course of preparing this manuscript, we became aware of two related theoretical works (30, 31) discussing effects based on directional emission in photonic crystal waveguides.
T he increased use of renewable transportation fuels such as bioethanol is an accepted strategy to combat global climate change (1) . However, the toxicity of ethanol and other alcohols to the yeast Saccharomyces cerevisiae is a primary factor limiting titer and productivity in industrial production (2, 3) . Ethanol tolerance is a complex phenotype: Studies have shown that no single genetic modification is capable of eliciting greater resistance at high ethanol levels (4-7).
Because toxicity may arise from chemical perturbation of the plasma membrane, we surmised that the ionic composition of the culture medium could play a role in exacerbating or ameliorating this destabilization (8-10). Therefore, we added various salts to high-cell-density and high-glucose cultures mimicking industrial fermentation to ascertain their effects on ethanol production.
Monopotassium phosphate (K-P i ) added to standard yeast synthetic complete (YSC) medium induced the greatest improvement ( fig. S1 ), an effect that we dissected into components deriving from elevated potassium (K + ) and pH. Specifically, when the pH of cultures containing elevated potassium chloride (KCl) was manually adjusted with potassium hydroxide (KOH) throughout the course of fermentation to match that of cultures containing elevated K-P i , ethanol titers were statistically indistinguishable (P = 0.09 from a twosample t test; P ≤ 7.6 × 10 −3 for other pairs) from one another (figs. S2 and S3). We also determined that KCl elicited a statistically higher improvement than sodium chloride (NaCl), and that supplementation with NaCl and sodium hydroxide, or with monosodium phosphate, demonstrated a distinguishable boost over NaCl alone (P ≤ 2 × 10 −4 from pairwise t tests). Thus, the greatest improvements in ethanol production derived specifically from the increase in K + concentration and the reduction in acidity of the fermentation medium.
Over the course of a 3-day culture, supplementation with KCl and KOH enhanced ethanol titer and volumetric productivity (grams of ethanol per volume per hour), two key benchmarks of fermentative performance (Fig. 1A) . Additionally, compared with equimolar KCl or matched pH alone, the combination of K + supplementation and acidity reduction enabled the complete utilization of glucose and decreases in the synthesis of acetic acid and glycerol, two undesired byproducts of fermentation ( fig. S4 , A to D). Ethanol titers of 115 to 120 g/liter have been reported previously from S288C (11), the inbred laboratory strain we used that is known for its low ethanol resistance (5, 12, 13) . However, these studies were typically conducted using chemically undefined ("rich") media. The 128 T 0.7 (SD) g/liter concentrations we observed were achieved using a purely synthetic formulation, allowing us to identify and precisely control the environmental components that affect ethanol tolerance.
